Long non-coding RNA differentiation antagonizing nonprotein coding RNA (lncRNA DANCR) has been reported to act as an oncogene in various human cancers. The role of DANCR in development of pancreatic cancer (PC) is unknown. The aim of our research was to investigate the biological role of DANCR in PC.
Background
Pancreatic cancer (PC) is among the most aggressive and lethal of all cancers, and the 5-year survival rate is under 5% [1] . A majority of patients miss the optimal period for surgery after diagnosis due to the lack of obvious clinical symptoms and the occurrence of early distant metastasis [2, 3] . In spite of great improvement in diagnosis and treatment in the last several decades, the mortality rate of PC is still dismal [4] . The molecular mechanisms of PC germination and development remain unclear. It is extremely important to explore novel effective biomarkers and therapeutic targets for the early diagnosis and therapy of PC.
Long non-coding RNAs (lncRNAs) are defined as regulatory noncoding transcripts of longer than 200 nucleotides in length [5] . Increasing research has reported that lncRNAs participate in multiple tumor biological processes, including cell proliferation and metastasis [6, 7] . The newly discovered lncRNA differentiation antagonizing nonprotein coding RNA (DANCR) has been demonstrated to act as an oncogene in many human tumors [8] [9] [10] . In gastric cancer, knockdown of DANCR inhibits cell migration and invasion, and overexpression of DANCR shows the opposite influence [11] . In colorectal cancer, DANCR is highly expressed, and upregulation of DANCR facilitates cell growth and metastasis of colorectal cancer, both in vitro and in vivo [12] . However, the functional roles of DANCR in PC are unknown, and thus need to be further elucidated.
MicroRNAs (miRNAs), a group of short non-coding RNAs of less than 25 nucleotides in length, play a critical role in many biological processes [13] . Accumulating evidence has revealed that dysfunction of miRNAs plays a major role in tumorigenesis of cancers, including PC [14, 15] . Recently, it was reported that there is a novel regulatory mechanism by which lncRNA acts as a competing endogenous RNA (ceRNA) by sponging miRNA to regulate the miRNA expression [16] . For instance, Liu et al. [17] indicated lncRNA NEAT1 facilitates ROCK1-mediated metastasis of ovarian cancer via working as a ceRNA of miR-382-3p.
This research showed that DANCR is upregulated in PC tissues and cell lines. DANCR can promote cell growth and metastasis in vitro and in vivo. In addition, DANCR functions as a molecular sponge of miR-214-5p, thus affecting E2F2 expression. In conclusion, our results demonstrate that the newly identified DANCR/miR-214-5p/E2F2 pathway modulates the development of PC, which provides a potential therapeutic target for PC.
Material and Methods

Tissue samples
We obtained 50 paired samples of PC and adjacent normal tissues from patients who underwent pancreatic resection surgery at the Second Affiliated Hospital of Wenzhou Medical University from 2013 to 2015. None of patients had previously undergone radiotherapy or chemotherapy before the operation. The study was approved by the Ethics Committee of the Second Affiliated Hospital of Wenzhou Medical University (2015 RES-130), and all patients signed the written informed consent. Clinicopathological data of these patients was documented.
Cell culture
PC cell lines (PANC-1, SW1990, CAPAN-1, BxPC-3, and AsPC-1), normal human pancreatic duct epithelial cells (HPDE6-C7), and HEK293T cells were obtained from American Type Culture Collection. Cells were cultured in RPMI 1640 or DMEM medium supplemented with 10% FBS.
Cell transfection
Two small interference RNAs targeting DANCR (si-DANCR) or negative control siRNAs (si-NC) were used, as reported previously [8] . The sequences were: 5'-UCGGAGGUGGAUUCUGUUA-3' and 5'-AGCCAACTATCCCTTCAGT-3'. miR-214-5p mimics and inhibitor were synthesized by GenePharma (China). Lipofectamine 2000 reagent (Invitrogen, USA) was used in the cell transfection assay.
Quantitative real-time PCR
RNAs were isolated and then reverse-transcribed into cDNA. QRT-PCR was performed using the SYBR Green PCR Kit on the ABI 7500 Fast RT PCR system (Applied Biosystems, USA) according to the manufacturer's protocols. Relative miRNA expression was normalized to U6. mRNA and lncRNA expression were normalized to GAPDH. The results were analyzed by 2 -DDCt method.
Cell viability assay
The cell viability was detected with CCK-8 assay. Cells were plated onto a 96-well plate. The solution was then added to each well at 24 h, 48 h, 72 h, and 96 h after transfection. Absorbance at the wavelength of 450 nm was examined with a microplate reader.
Cell cycle assay
The transfected cells were collected for cell cycle analysis 48 h later. Cells were fixed with 70% cold anhydrous ethanol, and 4545 then stained with propidium iodide. The cell cycle distribution was finally determined by flow cytometry.
Cell apoptosis assay
The transfected cells were harvested for cell apoptosis analysis by using the Annexin V-FITC apoptosis detection kit. After double staining with Annexin V-FITC and propidium iodide, cell apoptosis was detected by flow cytometry.
Colony formation assay
The PC cells were added to 6-well plates, then incubated in DMEM medium. After 2 weeks, cells were stained with crystal violet and the numbers of colonies were counted using a microscope.
Migration and invasion assay
Transwell assays were conducted to evaluate the metastatic ability of PC cells. After transfection for 48 h, cells in medium without serum were seeded into uncoated or Matrigel-coated upper chambers (BD Bioscience, USA), while medium supplemented with FBS was added into the lower chambers as a chemoattractant. The cells on the upper surface were carefully removed after 24-h incubation. Next, the migrating or invading cells were fixed by methanol, followed by staining with crystal violet. Five random fields of each well were counted.
Western blotting
The proteins were extracted by RIPA cell lysis buffer. Equal amounts of protein samples were separated by 10% SDS-PAGE, transferred onto the PVDF membrane, and then incubated with specific primary antibody for E2F2 or GAPDH (CST, USA). After incubation with HRP-conjugated secondary antibody, the results were analyzed Using the ECL detection system.
Luciferase reporter assay
DANCR fragments that had the putative or mutant binding sites of miR-214-5p were synthesized and cloned into pmir-GLO vector (Promega, USA) in order to generate wild-type or mutant DANCR reporter plasmid (DANCR-wt and DANCR-mut).
The wild-type E2F2 reporter plasmid (E2F2-wt) and mutant E2F2 reporter plasmid (E2F2-mut) were constructed using the same method. Luciferase reporter plasmid and miR-214-5p mimics or negative control were then co-transfected into the HEK293T cells. Luciferase activity was evaluated by the dualluciferase reporter assay system.
Animal study
Male athymic BALB/c nude mice (n=20) were used in this study. PANC-1 cells transfected with sh-DANCR or sh-NC were subcutaneously injected into nude mice. The tumor volume was measured every week, and the tumor weight was measured 5 weeks after inoculation. Tumor volumes in nude mice were calculated according to the following formula: tumor volume (mm 3 )=0.5×length×width 2 . The animal study was approved by the Institutional Animal Care and Use Committee of Wenzhou Medical University (approval no. 2016-0048).
Statistical analysis
Results are shown as mean ± standard deviation. Statistical analysis was done with the SPSS 20.0 software. We used the chi-square test, t test, and one-way ANOVA to estimate differences between groups. Overall survival of PC patients was evaluated with Kaplan-Meier method. P<0.05 was considered statistically significant.
Results
DANCR was upregulated in PC tissues and cell lines
DANCR expression in 50 paired PC and adjacent normal tissues were measured by qRT-PCR assay. Significant upregulation of DANCR was observed in PC tissues in comparison to normal tissues ( Figure 1A ). We also examined DANCR expression in different PC cell lines. DANCR expression in PC cells (PANC-1, SW1990, CAPAN-1, BxPC-3, and AsPC-1) appeared to be higher than that in HPDE6-C7 cells ( Figure 1B ).
Next, correlations between DANCR expression and clinicopathological characteristics of PC patients were evaluated. High DANCR expression exhibited significant correlations with tumor size, TNM stage, and lymph nodal metastasis (Table 1) . DANCR expression was also overexpressed in PC patients with larger tumor size, advanced tumor stage, and positive lymph nodal metastasis ( Figure 1C-1E) . Moreover, the result showed high DANCR expression was markedly correlated with poor overall survival in patients with PC, as determined using KaplanMeier method ( Figure 1F ).
Knockdown of DANCR inhibited cell growth and metastasis of PC in vitro, and suppressed cell growth in vivo
To explore effects of lncRNA DANCR on cell proliferation, migration, and invasion of PC, we silenced DANCR expression in PANC-1 and SW1990 cells through si-DANCR (Figure 2A si-NC group ( Figure 2B ). Next, flow cytometry was performed to detect the cell cycle distribution and cell apoptosis. We found that DANCR knockdown led to cell cycle arrest at G0/G1 phase ( Figure 2C ) and promoted cell apoptosis ( Figure 2D ) in PANC-1 and SW1990 cells. In addition, DANCR knockdown markedly decreased the number of PC cell colonies using colony formation assay ( Figure 2E ). Furthermore, si-DANCR suppressed cell migration and invasion of PC, as shown by the results from Transwell assays ( Figure 2F, 2G ).
We also explored inhibition of DANCR on cell growth in vivo. Five weeks after injection, tumor volumes and weights of nude mice in the sh-DANCR group were remarkably decreased in comparison to these in the sh-NC group ( Figure 2H, 2I ). In conclusion, these results prove that DANCR inhibition suppresses cell growth of PC in vivo.
DANCR directly interacted with miR-214-5p in PC
By using bioinformatics software (Starbase v3.0), miR-214-5p was found to be a potential target of DANCR ( Figure 3A) . miR-214-5p mimics dramatically reduced the relative luciferase activity of DANCR-wt by luciferase reporter assay, but did not affect the DANCR-mut reporter ( Figure 3B ). Moreover, miR-214-5p expression was markedly upregulated in PANC-1 and SW1990 cells transfected with si-DANCR compared with si-NC ( Figure 3C ). miR-214-5p expression in 50 PC tissue samples was then detected. miR-214-5p was remarkably downregulated in PC tissue samples in comparison to adjacent normal tissues ( Figure 3D ). Furthermore, result from Pearson's correlation analysis showed a negative correlation between miR-214-5p and DANCR expression in tissue samples ( Figure 3E ). These findings indicate that DANCR directly targets miR-214-5p in PC.
miR-214-5p mediates inhibition of DANCR knockdown in cell growth and metastasis of PC To further study whether DANCR exerts biological effects in PC by targeting miR-214-5p, we reduced miR-214-5p expression with miRNA inhibitor in PANC-1 and SW1990 cells ( Figure 4A ). CCK-8 and colony formation assay revealed DANCR inhibition dramatically suppressed cell growth of PC, and miR-214-5p inhibitor greatly restored the effects (Figure 4B, 4C) . In addition, the repression of cell migration and invasion induced by DANCR knockdown was reversed by miR-214-5p inhibitor, as determined using Transwell assays ( Figure 4D, 4E) . In brief, knockdown of DANCR suppressed PC cell proliferation, migration, and invasion by miR-214-5p. 
DANCR upregulated E2F2 expression by sponging miR-214-5p
miRNAs can function as negative regulators of target genes at the post-transcriptional level. E2F2, an important regulator of cell proliferation and invasion in tumor progression, was identified as a potential target of miR-214-5p using bioinformatics software (TargetScan, Figure 5A ). Luciferase reporter assay showed that miR-214-5p overexpression caused a remarkable decline in luciferase activity of E2F2-wt ( Figure 5B ). Expression of E2F2 mRNA in clinical tissues was measured with qRT-PCR assay. As shown in Figure 5C , E2F2 was obviously overexpressed in tumor tissues of PC patients in comparison to normal tissues. In addition, miR-214-5p expression exhibited a negative correlation with E2F2 expression ( Figure 5D ).
Next, we investigated whether E2F2 expression was regulated by lncRNA DANCR in PC cells. We found that DANCR knockdown significantly inhibited E2F2 expression in PANC-1 and SW1990 cells, while this repression was restored by treatment with miR-214-5p inhibitor ( Figure 5E , 5F). Furthermore, DANCR expression had a positive correlation with E2F2 expression in PC tissues ( Figure 5G ). These results show that DANCR upregulates E2F2 expression via sponging miR-214-5p in PC.
Discussion
PC is known as a very aggressive human disease with a poor prognosis.
More and more studies demonstrate that the non-coding RNAs, including lincRNAs and miRNAs, have important roles in the regulation of tumorigenesis and development. Among them, lncRNA DANCR was found to be upregulated and to participate in various human malignancies. For instance, DANCR is overexpressed in hepatocellular carcinoma tissues, and inhibition of DANCR represses proliferation and metastasis of hepatocellular carcinoma in vitro and in vivo [9] . Moreover, Pan et al. reported that DANCR promotes cell growth and metastasis of gastric cancer, and might be a new diagnostic target [18] . Nonetheless, the functional role of DANCR in PC is still unclear.
Our findings showed that DANCR was overexpressed in PC tissues in comparison to normal tissues. High DANCR expression exhibited significant correlations with tumor size, TNM stage, lymph nodal metastasis, and shorter overall survival of PC patients. Furthermore, DANCR inhibition repressed cell growth and invasion of PC. These results indicate that DANCR can act as an oncogene in PC. However, the molecular mechanism of DANCR in PC progression is unclear.
In recent years, accumulating reports have shown that lncRNA can act as an endogenous sponge to specific targeted miRNA, then modulate its expression and function. The lncRNA ROR promotes radio-resistance in hepatocellular carcinoma cells through functioning as a competing endogenous RNA of miR-145 [19] .
Wu et al. demonstrated the lncRNA UCA1 has an oncogenic effect in lung cancer, upregulating HMGB1 expression through sponging miR-193a [20] . DANCR has also been reported to act as a ceRNA and promote cell growth and metastasis of osteosarcoma by targeting miR-335-5p and miR-1972 [21] . In our study, DANCR directly interacted with miR-214-5p in PC, as shown by use of bioinformatics software and a luciferase reporter experiment. Moreover, DANCR depletion inhibited proliferation, migration, and invasion of PC cells, whereas addition of miR-214-5p inhibitor reversed these effects. Therefore, our data prove that DANCR regulates cell proliferation and invasion of PC via sponging miR-214-5p. miR-214-5p is regarded as a tumor-suppressive miRNA and is known to play important regulative roles in cancer development, including osteosarcoma [22] , hepatocellular carcinoma [23] , and pancreatic cancer [24] . In accord with previous research, 
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this study also showed miR-214-5p expression was obviously decreased in PC tissues and in cells. miRNAs participate in many cellular processes through targeting specific mRNAs. For example, miR-214-5p knockdown promotes survival and extracellular matrix formation through regulating COL4A1 in osteoblastic MC3T3-E1 cells [25] . Our study revealed E2F transcription factor 2 [E2F2) is a direct target of miR-214-5p in PC, as determined with the use of bioinformatics software and a luciferase reporter experiment.
Notably, E2F2 has been well characterized as a crucial regulator of physiological processes, such as cell cycle, proliferation, DNA damage repair, and autophagy [26] . Previous findings have indicated that E2F2 exhibits oncogenic activity in several types of cancer [27] . For instance, Xie et al. reported E2F2 is a significant upregulated transcription factor in ovarian cancer (OC) cells, and high E2F2 expression is associated with worse overall survival in OC patients [28] . In addition, E2F2 is overexpressed in renal clear cell carcinoma tissues compared to matched normal tissues, and high E2F2 expression is associated with worse prognosis [29] . In the present study, E2F2 was also obviously upregulated in PC tissue samples. Furthermore, miR-214-5p expression had a negative correlation with E2F2 expression, while DANCR expression had a positive correlation with E2F2 expression. Most importantly, DANCR upregulated E2F2 expression by miR-214-5p in PC.
Conclusions
lncRNA DANCR was observably upregulated in tissues and cell lines of PC, and was associated with poor overall survival of PC 
